INTRODUCTION
Between 1999 and 2009, U. S. rates of mortality from accidental pharmaceutical drug overdose rose over fourfold for opioid analgesics and threefold for sedative-hypnotics. 1 Of the more than 22,000 unintentional pharmaceutical overdose deaths nationally in 2010, three-quarters involved opioid analgesics, while benzodiazepines were identified in one-quarter and antidepressants in nearly 20 %. 2 Concurrent use of these drugs appears to carry an even higher risk. The combination of prescribed opioids and benzodiazepines is the most common cause of polysubstance overdose deaths nationally. 1 Persons with mental health disorders are more likely to be treated for chronic pain with high-dose opioid therapy that has also been associated with more coprescribed sedative-hypnotic therapy. 3 However, we are unaware of studies examining the risk of drug overdose for complex interrelationships of multiple drugs commonly used by persons with chronic pain and comorbid mental health disorders.
We hypothesized that patients with mental health disorders who take opioids and other psychotherapeutic drugs would have a significantly greater risk for overdose than those who do not. To examine these hypotheses, we analyzed a longitudinal database from a national health maintenance organization (HMO) of persons with non-cancer pain who filled multiple prescriptions for opioid analgesics. This study offers insights into the risks and potential benefits of opioids, benzodiazepines, antidepressants, and/or zolpidem for persons with mental health disorders.
METHODS

Study Setting
The study utilized patient data from the Aetna Health Maintenance Program that provides comprehensive fullservice care to approximately 2.1 million persons nationally.
Study data were obtained from enrollment files and claims for services and prescriptions. The study was approved by the Institutional Review Board of the University of Texas Health Science Center at San Antonio. Study Subjects. The study cohort included persons aged 18 to 64 years with non-cancer pain who filled at least two Schedule II or III prescriptions for non-injectable opioid analgesics from January 2009 through July 2012. Eligible subjects were continuously enrolled at least 12 months in the Aetna plan and had claims for service utilization at least 6 months before the first drug overdose event. The cohort derivation revealed that the most frequent exclusions were due to incomplete opioid prescription data, missing diagnostic data, or a non-basal cell cancer diagnosis (Fig. 1) .
Study subjects' medications and clinical conditions were examined for each 6-month interval after the first filled opioid prescription, up to a maximum of seven intervals. Incomplete intervals were excluded. Examples of 6-month interval data for three sample patients are shown in Fig. 2 . Subject A had no overdose event; therefore, time-varying covariates were examined for each complete 6 month-interval after the first filled opioid prescription until the subject left the plan or the study time frame ended. Subject B had an overdose within the first 6-month interval. To examine a full 6 months before that event, covariates were based on data from services and medications received before and after the first opioid prescription. For subject C, the overdose occurred in the third 6-month interval; therefore, time-varying covariates were calculated for 6-month intervals without an event and from the 6 months before the overdose event. Subjects were censored after the first overdose.
Outcome Variable. The study outcome was drug overdose diagnosed from an inpatient or outpatient clinical encounter following the first filled opioid prescription (drug overdose ICD-9-CM codes in Appendix 1). For each subject, this timevarying outcome was measured in each 6-month interval after the first filled opioid prescription until last enrollment or end of the study time frame. For subjects with multiple overdose events in a given 6-month interval, only the first was considered.
Classification of Morphine-Equivalent Dose. Using an approach previously reported by our group, 4 a morphineequivalent dose (MED) for each Schedule II or III opioid prescription (non-injectable formulations) was calculated from the number of pills dispensed multiplied by strength (in milligrams), then multiplied by a morphine-equivalent conversion factor derived from several sources, including published data, 5, 6 conversion tables from Internet sources, and drug information resources ( Table 2 in Appendix 2) . 7, 8 A clinical pharmacist assisted with calculating conversions. We capped the daily dose based on the maximum recommended for that drug.
The total MED was computed by summing the MEDs for all opioid prescriptions within a given 6-month interval. The mean daily MED in a 6-month interval was calculated by dividing the total MED by days' supply for all prescriptions in that interval, excluding overlapping days. We examined five categories for the mean daily MED (i.e., 0, 1-19, 20-49, 50-99, and ≥100 mg), similar to other studies. 9, 10 For the first overdose, the mean daily MED was based on data from exactly 6 months before that event (Fig. 2) .
Classification of Psychoactive Medications. For each 6-month interval, we summed the days' supply for antidepressants (i.e., SSRIs, SNRIs, and tricyclics), benzodiazepines, and zolpidem. The duration of each drug class or drug was categorized for analysis as follows: 0, 1-30, 31-90, and 91-180 days. Similar to opioid therapy, these time-varying covariates were measured for each 6-month interval, as well as the 6 months before the first overdose event if applicable.
Demographic and Clinical Variables. Study subject demographic data included age as of July 2012, sex, and U.S. region of residence from among four categories as defined by the Centers for Disease Control and Prevention. Time-varying indicators for pain-related conditions were created for each 6-month interval using diagnosis codes for outpatient and hospital encounters, and included the following: back pain, large joint arthritis/other musculoskeletal disorders, neuropathic pain, unspecified chronic pain, and chronic headache (ICD-9-CM codes). Time-varying indicators were also created for mental health/substance use disorders, including anxiety or post-traumatic stress disorder (PTSD), depression, psychosis, drug abuse, and alcohol abuse. Anxiety and PTSD were combined, as the latter was uncommon (<1 %), and these conditions often overlap. Because psychiatric conditions and substance use disorders are usually not transient, once a diagnosis occurred within a 6-month interval, it was considered to persist subsequently. The ICD-9-CM codes used to identify clinical conditions are available upon request.
Analyses. Study cohort characteristics were summarized using descriptive statistics. Differences in characteristics of patients with and without a drug overdose event were examined using the chi-square test for categorical variables and the two-sample t test with an unequal variance assumption for continuous variables. Patterns of treatment with drugs of interest were examined descriptively for each 6-month interval. Using repeated-measures logistic regression with the generalized estimating equations method under an unstructured correlation matrix, we examined the effects of daily opioid dose and duration of filled prescriptions for psychoactive drugs on the odds of overdose, adjusting for time-fixed covariates (i.e., age, sex, and region) as well as time-varying covariates (i.e., chronic pain conditions, mental health, and substance use disorders). Clinical judgment guided a backward model selection procedure. We started with a full model including demographics, clinical conditions, substance use disorders (i.e., drug or alcohol), and medications, as well as all possible interactions of daily opioid dose with each of the three psychoactive drug groups (i.e., benzodiazepines, antidepressants, and zolpidem), and interactions of each of these drugs with mental health conditions (i.e., anxiety/PTSD, depression, and psychotic disorder). The final model included clinically important and/or statistically significant factors. We conducted a post hoc descriptive analysis of combination therapy in each 6-month interval separately for persons diagnosed with depression or anxiety/PTSD. All statistical tests were performed with a twosided significance level of 0.05 and analyses conducted using SAS software (Version 9.3).
RESULTS
The study cohort comprised over 206,000 subjects; 57 % were women, and the average age was 44 years (Table 1) . Nearly half of the cohort resided in southern states, reflecting the distribution of the HMO plan. The most common non-cancer pain-related conditions were musculoskeletal, including large joint arthritis/other musculoskeletal disorders, and back pain-related conditions. With regard to mental health conditions, anxiety/PTSD and depression occurred in 15 and 13 % of the cohort, respectively, while psychosis and alcohol and other substance use disorders were each diagnosed in less than 3 %. Over the course of 3.5 years, 1,385 of 206,869 (0.67 %) subjects were diagnosed with a drug overdose ( Table 1) . With the exception of region of residence, persons with an overdose event differed significantly in all observed patient characteristics. Persons who experienced a drug overdose were more likely to be women and of a younger age than those that did not. The greatest clinical differences appeared in patients diagnosed with back pain, chronic pain (unspecified), mental health conditions, and substance use disorders.
Across all 658,280 6-month intervals observed for the cohort, the incidence rate for drug overdose was 421 per 100,000 person-years. The proportion of subjects with a drug overdose was highest (0.06 %) in the first 6-month interval, declining in subsequent intervals from 0.04 to 0.01 %. After the first interval, during which all subjects filled at least one opioid prescription, the proportion receiving opioids subsequently stabilized at 42 to 50 %, with the exception of the last interval, when it Persons with an overdose event are censored after the first overdose event. †Date of first opioid prescription indicated by dark line. A If no overdose occurred, up to seven 6-month intervals would be observed. Covariates were examined in each observed 6-month interval. B Overdose occurred within 6 months of the first opioid prescription, covariates determined from 6 months prior to the overdose date. Comparison group: persons with no event in the first interval (such as A and C in interval 1). C Overdose occurred in third 6-month interval, covariates examined from prior 6 months spanning second and third 6-month intervals. Comparison group: persons with no event in the third interval (such as A in interval 3).
was approximately 60 %. In the first interval, over onethird of subjects received higher-daily-dose opioids (≥50 mg), which then declined to about 16 %, except for the last interval, when nearly 30 % received higherdose opioids. With regard to psychoactive medications, 19 to 24 % of the cohort filled one or more antidepressant prescriptions in each 6-month interval, with 11 to 16 % filling over 90 days' supply in a given interval. Fifteen to twenty-five percent of the cohort filled at least one benzodiazepine prescription, and 7 to 13 % received more than 90 days' supply. At least one zolpidem prescription was filled by 8 to 12 % of the cohort, with 4 to 7 % filling more than 90 days' supply.
In the fully adjusted model predicting drug overdose, the following significant interactions were observed: opioid therapy with depression (chi(4)=36.53, p<0.001); antidepressant therapy with depression (chi(3)=20.20, p<0.001); benzodiazepine therapy with anxiety/PTSD (chi(3)=10.36, p=0.016) and zolpidem therapy with anxiety/PTSD diagnosis (chi(3)=8.79, p=0.03) ( Fig. 3 ; full model-fitting results in Appendix 3). In the interaction between opioid therapy and depression (Fig. 3a) , the adjusted odds of overdose were significantly higher for persons with depression than those without this diagnosis, regardless of opioid dose (all p<0.001). The adjusted odds of drug overdose were 7.06 (95 % CI: 5.30 to 9.42) for the combined effect of depression and very high opioid dose (≥100 mg) versus no depression or opioid use. Among persons without depression, drug overdose was associated with increasing opioid dose (chi2(4)=161.4, p<0.001), but the risk rose gradually with all but a very high daily dose, for which the adjusted odds were 4.34 (95 % CI: 3.37 to 5.57) versus no opioids. Among persons with depression, an increasing opioid dose monotonically increased the likelihood of drug overdose (chi2(4)=24.20, p<0.001), with adjusted odds of 1.78 (95 % CI: 1.39 to 2.29) for a very high opioid dose versus no opioids.
An interaction between antidepressant therapy and depression ( Fig. 3b) showed that regardless of antidepressant therapy, the risk of drug overdose was significantly greater for persons diagnosed with depression than for those who were not (all p<0.001). For persons with depression, long-term antidepressant therapy (91-180 days) was associated with overdose events (chi2(3)=8.49, p=0.037), but this association was protective, with an adjusted odds ratio of 0.79 (95 % CI: 0.66 to 0.95) versus none. On the other hand, shorter-term therapy (≤ 90 days) had no benefit (p=0.72 for 1-30 days; p=0.133 for 31-90 days). For persons without a diagnosis of depression, antidepressant therapy increased the likelihood of overdose (chi2(3)=28.10, p<0.001); this effect was greatest for short-term (1-30 days) antidepressant use, with adjusted odds of 1.98 (95 % CI: 1.48 to 2.65), declining to 1.33 (95 % CI: 1.05 to 1.68, p=0.018) for long-term antidepressants (91-180 days) versus none.
Among all subjects, the likelihood of overdose was similarly increased by benzodiazepine therapy, regardless of duration (all p>0.06) (Fig. 3c ). An interaction showed that duration of benzodiazepine therapy among persons with anxiety/PTSD had a non-monotonic association with drug overdose, but the association was monotonic among persons without anxiety/ PTSD. The adjusted odds for drug overdose was highest [OR=2.85 (95 % CI: 2.34 to 3.48)] for persons without anxiety/PTSD who received long-term (91-180 days) benzodiazepine therapy versus none.
Zolpidem use similarly increased the odds of overdose for persons with or without anxiety/PTSD (all p>0.10), except for A post hoc analysis revealed that among persons diagnosed with depression, treatment with multiple medications was most likely to have occurred in the first 6-month interval, when all subjects filled opioid prescriptions and 69 % also received antidepressants, 45 % received benzodiazepines, and 20 % received zolpidem (Table 5 in Appendix 4). Prescriptions for all four classes of drugs were filled by 5 to 10 % of patients with depression, depending on the 6-month interval. Among patients with anxiety/PTSD, over half also filled prescriptions for antidepressants or benzodiazepines in the first 6 month-interval, and about 25 % continued both opioids and antidepressants in subsequent intervals, while about 30 % continued both opioids and benzodiazepines.
DISCUSSION
Among over 200,000 HMO beneficiaries with noncancer pain who filled multiple prescriptions for Schedule II or III opioids, complex interactions with regard to risk of drug overdose appeared between mental health disorders and treatment with opioids or other psychotherapeutic drugs. The adjusted odds of drug overdose in a 6-month interval for high daily morphine-equivalent dose of ≥100 mg increased sevenfold for persons with depression and fourfold for persons without depression. These data are consistent with studies reporting up to a ninefold greater risk of opioid overdose for high-dose opioid therapy (≥100 mg), 10 although our analyses more clearly distinguish the risk for persons with depression.
A novel finding in this study among persons diagnosed with depression was a significant protective effect with regard to drug overdose for longer-term (> 90 days) antidepressant therapy compared to no antidepressant use. Depression is highly prevalent in persons with chronic pain, ranging from 18 to 56 % in a systematic review.
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A mood disorder may precede or often follows the development of chronic pain and is associated with greater pain severity. 12 Long-term antidepressant therapy can offer dual benefits of improving mood and, as reported in a recent systematic review, improved pain-related outcomes for diverse types of painful conditions. 13 On the other hand, among persons without depression, antidepressant therapy was associated with significantly greater odds of drug overdose, which was greatest for short-term (1-30 days) therapy. This is unlikely due to suicide attempts after initiating antidepressants, which has primarily been a concern for children and adolescents, 14 or to poisoning by these drugs, as it is relatively rare. 15 Several studies have reported no benefit for short-term antidepressant therapy in the treatment of depression, but less is known about the effects on pain. 16, 17 Short-term antidepressant therapy may be an indicator for non-adherence 16 to this medication and increased reliance on riskier medications for pain management. Alternatively, in an analysis of root causes of opioid overdose deaths, Webster and colleagues suggested that antidepressant use could pose risks due to central nervous system depressant effects, and recommended structured care for persons with mental health disorders who are treated with opioids for pain. 18 Unfortunately, psychiatric care is lacking in the management of many chronic pain patients. 19 Calcaterra and colleagues reported that opioids plus benzodiazepines were the most common cause of polysubstance overdose deaths in a national study from 1999 to 2009, and increased the risk of drug overdose associated with opioids. 1 In our cohort, benzodiazepines significantly increased the risk of overdose but did not disproportionately affect persons with mental health disorders. However, we did find that the odds of overdose progressively rose with longer duration of benzodiazepine therapy. In our national HMO cohort, 45 % of depressed patients were receiving concurrent opioids and benzodiazepines at any one time, and this dangerous combination additively increased the likelihood of overdose. Depending on duration of use, zolpidem increased the odds of overdose by as much as 77 %, and was received by 10 to 20 % of patients with opioids. These data add to the body evidence of risks for zolpidem use along with other frequently misused drugs such as opioids. 20 This study has several limitations to acknowledge. First, we relied on coded diagnoses to identify mental health disorders that have limited sensitivity, although this misclassification should attenuate our findings, because persons with depression would be included among those without. We also relied on coded diagnoses to identify drug overdose events that miss overdoses occurring out of network or resulting in outpatient death. However, the rate of drug overdose events in this cohort (421/100,000 person-years) in inpatient and outpatient health care settings was predictably higher than the rate of 238.1/100,000 person-years for drug overdose from an analysis of only emergency room visits in North Carolina in 2011. 21 Second, we assumed that patients were taking drugs after they filled prescriptions, but non-adherence for opioids in particular is a major concern. 22, 23 In addition, total and average daily opioid dose were computed using days' supply data that may not be reliable. Third, we examined patients' medications and overdose events in 6-month intervals in order to establish a tractable but reasonably long time frame to examine receipt of drugs and this outcome. By design, our analysis only considers prescriptions filled before the overdose event. Reassuringly, our observed associations between opioid use and overdose are similar to those from longitudinal studies of drugs prescribed before an opioid-related overdose death. 24 Fourth, drug overdoses in this cohort may have been due to illicit drug use. According to the CDC, however, opioid painkillers have been involved in the majority of unintentional drug overdose deaths nationally since 2003. 25 Fifth, we were unable to distinguish unintentional overdose from suicide attempts. Sixth, although we adjusted for alcohol and other drug abuse disorders, these conditions likely further complicate observed interactions of opioids and other psychotropic medications with mental health disorders.
This study has several notable strengths. We examined all drug overdose events, instead of only deaths, which represent only a small fraction of these events.
We used data for filled prescriptions instead of prescriptions from an electronic medical record that may or may not have been filled. Our study also has several implications for clinical practice. Among persons with depression, opioid use had a dose-response association with increased odds of drug overdose, and thus dose minimization is essential. Among persons without depression, the odds of overdose rose rapidly for a daily opioid dose of 100 mg or higher. These data reinforce recommendations to use non-pharmacologic pain management approaches such as cognitive behavioral therapy as a means to limit opioid use. 26 We also found that duration of benzodiazepine use was linearly associated with greater overdose risk, but even short-term treatment was positively associated with overdose. Concurrent use of these drugs is common, and represents an important risk. Although the effect of zolpidem was lower, it nonetheless additively increased the risk of overdose. With regard to risk mitigation, our study found a significant protective effect with antidepressant therapy for longer than 90 days among persons diagnosed with depression. Unfortunately, antidepressants appeared to increase the risk of overdose for persons without depression. Overall, these data reinforce the complexities of medication management for chronic pain and support expert recommendations to employ non-drug approaches to pain control while minimizing the risks associated with these drugs. 
APPENDIX 2
